Objective: The disease complexity of metastatic non-small-cell lung cancer (mNSCLC) makes it difficult for physicians to make clinical decisions efficiently and accurately. The Watson for Oncology (WFO) system of artificial intelligence might help physicians by providing fast and precise treatment regimens. This study measured the concordance of the medical treatment regimens of the WFO system and actual clinical regimens, with the aim of determining the suitability of WFO recommendations for Chinese patients with mNSCLC. Methods: Retrospective data of mNSCLC patients were input to the WFO, which generated a treatment regimen (WFO regimen). The actual regimen was made by physicians in a medical team for patients (medical-team regimen). The factors influencing the consistency of the two treatment options were analyzed by univariate and multivariate analyses. Results: The concordance rate was 85.16% between the WFO and medical-team regimens for mNSCLC patients. Logistic regression showed that the concordance differed significantly for various pathological types and gene mutations in two treatment regimens. Patients with adenocarcinoma had a lower rate of "recommended" regimen than those with squamous cell carcinoma. There was a statistically significant difference in EGFR-mutant patients for "not recommended" regimens with inconsistency rate of 18.75%. In conclusion, the WFO regimen has 85.16% consistency rate with medical-team regimen in our treatment center. The different pathological type and different gene mutation markedly influenced the agreement rate of the two treatment regimens. Conclusion: WFO recommendations have high applicability to mNSCLC patients in our hospital. This study demonstrates that the valuable WFO system may assist the doctors better to determine the accurate and effective treatment regimens for mNSCLC patients in the Chinese medical setting.
Introduction
Lung cancer is one of the malignant tumors that seriously harms human health and has a heavy disease burden. 1, 2 The incidence and mortality of lung cancer worldwide rank first among all malignant tumors. [1] [2] [3] The mortality rate of lung cancer is also the highest among malignant tumors in China, and there were approximately 0.73 million new cases each year. 4 Non-small-cell lung cancer (NSCLC) accounts non-small-cell lung cancer (mNSCLC) patients are usually treated with chemotherapy, targeted therapies, and supportive medicine. 10 Because of the molecular heterogeneity of NSCLC, up to 69% of patients with mNSCLC could have a potentially actionable molecular target, 6, 11 and the presence of different gene mutations could result in differences in the optimal treatment regimen. In recent years, molecular targeted therapy for mNSCLC involving the most-frequent driver genes of adenocarcinoma has become an important strategy.
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The conflict between the available medical resources and the medical needs of patients is increasing. 12 With the enormous number of new antineoplastic drugs emerging and the other rapid development in the tumor field, physicians cannot keep up with the latest research findings and guidelines to better treat their patients. 13, 14 This situation makes it impossible to provide an appropriate treatment regimen efficiently and quickly to a specific lung cancer patient. Simultaneously, the lack of authoritative oncologists is further impeding the current situation. It has been proposed that the above contradictions might be solved accurately and efficiently by using the Watson for Oncology (WFO) system to help oncologists to choose the appropriate treatment option for a patient within a few minutes. 12 WFO combines all of the available clinical information and the latest evidence and guidelines to make informed treatment recommendations. 13 WFO was introduced into China in March 2017 and is now used by many medical institutions. 12 Consistency of treatment regimens between WFO and oncologists had been observed for breast cancer, lung cancer, gastric cancer, colon cancer, rectal cancer, cervical cancer, and ovarian cancer. 12, [15] [16] [17] However, the concordance varies significantly according to different countries and cancer types. 12, [15] [16] [17] There are many guidelines for NSCLC precise therapies. The commonly used clinical guidelines include the ASCO (American Society of Clinical Oncology) lung cancer guideline, National Comprehensive Cancer Network (NCCN) Clinical Practice guideline, European Society of Cancer Internal Medicine (ESMO) guideline, and Chinese Society of Clinical Oncology (CSCO) guideline. However, these national guidelines have disparate treatment details for the same disease due to national and even regional differences in drug approvals or medical policies. WFO was developed based on NCCN guidelines, whereas the treatment of lung cancer patients in China mostly follows CSCO guidelines. Although the WFO system as a new research and application field had been explored in lung cancer, 12, 15, 17 the samples of the associated studies have been too small. In particular, there is currently inadequate information available on mNSCLC in Chinese patients. The present study therefore selected mNSCLC for an investigation of the consistency between WFO treatment regimens and medical-team treatment regimens. This study was designed to analyze the consistency of a WFO regimen for the first-line medical treatment of mNSCLC in Chinese patients with the medical-team regimen, and determine the possible factors influencing the differences.
Methods

Introduction of Our Hospital
The First Affiliated Hospital of Xi'an Jiaotong University is one of the Chinese first Top 100 Hospitals. 18 The oncology department in our hospital serves more than 30,000 cancer patients each year, and it is the largest and most comprehensive cancer treatment, teaching, and research center in Shaanxi Province.
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Patient Selection Figure 1 . The inclusion criteria for this study were as follows: 1) older than 18 years, 2) pathologically confirmed mNSCLC, and 3) no previous systemic therapy for metastatic disease. The exclusion criteria were as follows: 1) NSCLC diagnosed and patient examined without receiving antitumor treatment, 2) presence of metastasis in patients who had previously received antitumor treatment, 3) undergoing radiotherapy or radio-chemotherapy for NSCLC patients, 4) missing information for NSCLC patients receiving first-line treatment, or 5) being enrolled in a clinical trial.
Evaluation of Consistency
The hospital regimen was determined by the oncologist of the medical team. The medical team is composed of oncologists, radiation oncologists, pathologists, thoracic surgeons, radiologists, pharmacists, palliative care specialists, and so on. The clinical routine diagnosis and treatment process in our hospital is as follows. After patients are hospitalized, the junior doctors collect patients' data and gather the relevant experts to form the medical team. Then, the medical team develops comprehensive regimens and implements them after discussion. Patient information was collected by a study team member. The collected information was entered into WFO and documented the WFO recommended regimen by another team member. Both team members were blinded to the recommendations of the medical team. WFO treatment regimens were provided in three categories: "recommended" with a strong base of evidence, "for consideration" with that oncologists may consider a suitable alternative based on their clinical judgment, and "not recommended" with contraindications, strong evidence against their use, 12,16 or recommendation of not availability. Concordance was met when the medical-team regimen was consistent with the "recommended" or "for consideration" category of the WFO system, while "not recommended" indicated discordance. WFO version 18.9 was free charged to use in this study.
Data Analysis and Statistics
Patients' information was analyzed using standard statistical software (SPSS version 23 
Results
Characteristics of Metastatic Lung Cancer Patients
The demographic characteristics of metastatic patients are listed in Table 1 The consistency results are presented in Figures 2 and 3 . The actual treatment regimens coincided with 34.52% and 50.64% of the "recommended" and "for consideration" in WFO treatment regimens, respectively. It means that the concordance rate for both "recommended" and "for consideration" in WFO regimens reached 85.16%, with a discordance rate for "not recommended" regimens accounting for only 14.84%. The concordance of "recommended" rate was 19.82% and 70.33% in adenocarcinoma and squamous cell carcinoma patients, respectively, and that of "for consideration" being 67.74% and 8.79%, respectively (P<0.001, Figure 2 ). Mutation of adenocarcinoma is also important factor influencing the consistency of treatment regimens (P<0.001, Figure 2 ). There were no significant differences between the treatment regimens for gender, age (<65 vs ≥65 years), ECOG score, TNM stage, or metastasis site ( Figure 2 ). The main pathological types of NSCLC were adenocarcinoma and squamous cell carcinoma. The overall concordance rates were 87.56% and 79.12% for adenocarcinoma and squamous cell carcinoma patients, respectively, with no significant difference ( Figure 3 ). In particular, the rate of inconsistency was significantly higher (P<0.001) in the two treatment regimens for the adenocarcinoma patients with detected mutation (ie, EGFR or ALK), at 18.75% (15/80), than for the patients with no mutation detected or unknown mutation status ( Figure 3) . Tables 2 and 3 present the results of the logistic regression of concordance according to patient age, gender, EOCG score, T stage, N stage, M Stage, pathological type, metastasis, and gene mutation. The odds ratios in Table 2 denote the odds that concordance of "recommended" will occur in a given group relative to the odds of concordance in the reference group. The "recommended" rate of the actual treatment team in WFO system and influencing factors were observed. An odds ratio of more than 1 indicates greater odds of concordance, equal to 1 shows odds equal odds, and less than 1 means lesser odds. Table 3 presents the concordance of "recommended" and "For consideration". The "recommended" and "For consideration" regimens of the actual treatment team were observed in WFO system. The odds ratios in Table 3 denote the odds that concordance of "recommended" and "For consideration".
Compared with the "for consideration" and "not recommended" of WFO treatment regimens, the univariate logistic regression analysis showed that the concordance of "recommended" regimen differed significantly for various gender, EOCG scores, N stage, pathological types, gene mutations between the two treatment regimens ( Table 2 ). The multivariate logistic regression analysis revealed that the T stage (P<0.05), N stage (P<0.05), pathological types (P<0.001) and gene mutations (P<0.001) remarkably affected consistency of the two treatment regimens. Whereas, compared with the agreement rate for concordance of "recommended" and "for consideration" regimens, there was a statistically significant difference in the "not recommended" patients of gender, gene mutation in univariate logistic regression analysis (Table 3 ). The multivariate logistic regression analysis demonstrated that various gene mutations had significantly affected concordance (Table 3) . Table 4 shows that these adenocarcinoma patients with EGFR mutation should have chosen osimertinib according to the WFO system, but they actually chose other targeted drugs or chemotherapy drugs. In the same situation, 3 patients with ALK rearrangement positivity should choose alectinib instead of crizotinib. For adenocarcinoma patients with no genetic mutations and unknown genetic mutations, the recommended regimens are "cisplatin combined pemetrexed plus bevacizumab" or "cisplatin combined docetaxel plus bevacizumab" in WFO system. However, these patients actually used chemotherapy regimens without bevacizumab or other similar chemotherapy regimens because of cost (Table 4) . There was discordance between the WFO and medical-team regimens in 10.26% of patients (4/39) with deletion mutations in exon 19 of EGFR, in 71.2% of patients (5/7) with insertions in exon 20, and in 19.23% of patients (5/26) with mutations in exon 21 ( Figure 2 and Table 4 ). The medical-team regimens are "not recommended" in the WFO, which are mainly reflected in the difference of molecularly targeted drugs (Table 4) . Three patients with ALK rearrangement positivity showed consistency in the two treatment regimens.
Consistency of the Influencing Factors
The reasons for "for consideration" and "not recommended" regimens in 203 cases are presented in Figure 4 . There were 64.53% of patients who could not afford the standard treatment because of financial burden, while 16.75% of patients (n=34) chose different drugs because of the preference of their medical team, and 15.27% of patients (n=31) could not obtain the drug in China. For example, nivolumab, pembrolizumab, and atezolizumab are not available in China during the study period. Inconsistency between the recommendations from the CSCO guidelines and NCCN guidelines accounted for 3.45% of the patients (n=7).
Discussion
Patients with mNSCLC have short overall survival and poor prognosis. The main first-line systemic treatment for mNSCLC is drug therapy. 10 The clinical management of NSCLC patients has evolved rapidly over the past 20 years. The clinical strategy has been based on a molecularly driven approach due to the development of targeted therapies against the driver gene mutations, which has improved the outcomes for patients. The discovery of increasing numbers of driver genes and targeted drugs has extended survival, but this also brings difficulties in clinical decision-making. Fortunately, the rapid developments in AI will powerfully support physicians in generating precise treatment regimens for patients quickly and efficiently. 20 The consistency between WFO and medical-team regimens for breast cancer has been reported at 93%. 16 However, the consistency between WFO and actual clinical regimens for mNSCLC in China has rarely been reported. The total agreement rate of medical-team and WFO regimens was 85.16% (Figure 2) , which was also similar to a previously reported rate of 84.6% for stage IV NSCLC patients, 15 but higher than those of 61.1%
reported for NSCLC patients. 12 A 34.52% of the medical-team regimens were consistent with "recommended" WFO regimens, while 50.64% were consistent with the "for consideration" regimens ( Figure 2 ), which was similar to a consistently of one-half "for consideration" options reported previously. 15 The "recommended" rate of adenocarcinoma is lower than that of squamous cell carcinoma, but the "for consideration" rate is higher, because some adenocarcinoma patients did not use the preferred tyrosine kinase inhibitor recommended by WFO, chose chemotherapy regimen. Medical insurance and the low proportion of EGFR detection in China 21 were important reasons for these differences. The consensus rate was lower for patients with gene mutations than for those without gene mutations (80.52% vs 85.71%). The inconsistency rate was 18.75% for patients with mutations (Figure 2 ), which might be related to different EGFR inhibitor (icotinib) in Chinese patients 12 and clinical and social factors, including medical insurance coverage. 21 The prevalence of lung cancer patients with the EGFR gene mutation phenotype is higher in China (50%) than in European and American countries (approximately 15%). 22, 23 However, the genetic detection rate of 35% in our study is far lower than those of Tier-1 city in China, similar to Tier-2 city and grade-1 level a general hospital in real-world practice. 21 Real-world EGFR testing rates for NSCLC in North China ranged from 13.95% to 69.04% (patients treated in a Tier-1 city). 21 The EGFR test rate is just 34%, ALK rearrangement positivity less than 1%, PD-L1 expression almost undetected due to nonavailability of drugs during the study period. When the oncologist informed of patients about the treatment regimes, patients who could not pay for the treatment of tyrosine kinase inhibitors would abandon the genetic test. Important reasons for the EGFR lower test rate could be a lack of health insurance coverage and drugs not being available in China. 21 The Chinese National Essential Drugs List (2018 edition) had incorporated some oral targeted drugs including gefitinib and icotinib, which may increase the rate of gene detection and the treatment rate of patients with EGFR mutations, thereby improving the consensus rate of WFO recommendations. Logistic regression analysis further showed that the pathological type significantly affected the agreement rate between the WFO and medical-team regimens. Gene mutations also influenced the agreement rate. Adenocarcinoma patients with a high rate of genetic mutations might lead to differences in treatment. The adenocarcinoma patients with no EGFR mutation had a lower rate of "recommended" regimens (P<0.001, Figure 2 and Table 2 ) with 14.28% (4/28) and a higher rate of "recommended" and "for consideration" regimens (P=0.066, Figure 3 and Table 3 ) with 85.71% (24/28). Compared to those with EGFR mutations, no-EGFR-mutation (71.42%) and unknown-gene-mutation (52.97%) patients mainly adopted "for consideration" recommendations rather than "recommended" regime because of the high expense of bevacizumab (Table 4) . Table 3 shows gene mutation status influencing of the recommendation concordance. Osimertinib was preferred for EGFR mutation first-line medication in WFO, while the medical team chose other tyrosine kinase inhibitors due to high prices (Table 4) . Therefore, the above factors were attributed to the inability to pay for expensive drugs, which had affected the patients' choice of optimal treatment.
The medical regimen recommended for 203 included patients was not the preferred option indicated by the WFO system. There were 50.64% of medical-team recommendations "for consideration" in the WFO system, and 14.84% "not recommended" regimens ( Figure 2 ). Figure 4 shows that 64.53% of the patients did not choose the targeted therapy for first-line treatment due to high drug prices; for example, osimertinib and bevacizumab are very expensive (Tables 4 and 5) , and health insurance does not cover them. With more targeted drugs entered the Chinese (1) Gefitinib (1) Osimertinib (1) EGFR 21 exon mutation (L858R) (10) Gefitinib (8); erlotinib (2) Osimertinib (10) ALK rearrangement positivity (3) Crizotinib (3) Alectinib(3) No Mutation (20) Gemcitabine+cisplatin (3); pemetrexed+ cisplatin (8); pemetrexed+carboplatin (2); pemetrexed+carboplatin +bevacizumab (1); paclitaxel+ carboplatin(1); docetaxel +cisplatin (5) pemetrexed+ cisplatin+bevacizumab or docetaxel+cisplatin + bevacizumab (20) Unknown of gene mutation (97) Gemcitabine+cisplatin (2) 24 Another example is nedaplatin (Table 4) , which was a first-line treatment for lung squamous cell carcinoma in the CSCO guidelines, but was not recommended by the WFO system. WFO needs to be tested the application value in practice. The most Chinese patients used the "for consideration" regimens in Watson for Oncology system, which are also alternative treatment regimens in NCCN guidelines rather than the preferred regimes. Although some patients are unable to use WFO's first-line regimen due to payment, the "for consideration" regimens were very meaningful for the treatment of the Chinese patients. The results of this study are also an advantage of further improving the medical behavior of clinicians in China. If some drugs with lower cost produced by Chinese pharmaceutical factory or recommended by the CSCO guidelines were incorporated WFO system in the Chinese medical setting, which will also significantly improve the consistency of treatment, such as paclitaxel liposomes, icotinib, endostatin, nedaplatin, etc. Therefore, further researches of the WFO system should be improved with including Chinese guideline recommendations, and it will promote the WFO system widespread clinical use in China.
The Limitations in the Study
There are several limitations in the present study. Firstly, this study is a single-center retrospective observational study without controls. Then, we will further conduct prospective studies to test the application value of WFO in practice. Secondly, our research time is later than clinical practice and guidelines updates, which also reduces the rate of agreement. Thirdly, the molecular detection rate of the study is far lower than those of Tier-1 city in China, which may reduce the consistency of the treatment regimens. Although the present study existed above limitations, our center is the highest level of tertiary hospital in the northwest of China, and this research has a certain representativeness in real practice.
Conclusion
The treatment regimens of a medical team for mNSCLC exhibited an agreement rate of 85.16% with the WFO regimens in our treatment center, which shown that WFO has high suitability to mNSCLC patients in our hospital. WFO system may assist doctors better to determine the accurate and effective treatment regimens for mNSCLC patients in the Chinese medical setting. The pathological type and gene mutations markedly influence the agreement rate of the two treatment regimens. The presence or absence of consistency between the two regimens was affected by drug price, drug availability, the ability of patients to pay, physician preferences, and various guidelines for mNSCLC patients in our hospital. If the WFO system is improved in the Chinese medical setting, which would better support physicians' decisions accurately and efficiently.
